Abstract. Atom-centered partial charges are calculated for the Fe-heme in cytochrome P450cam for use in molecular dynamics simulations of polar substrates bound in the active site of the enzyme. Charges are fit to the electrostatic potential produced by ab initio UHF wavefunctions for an Feporphine model. Basis set dependence of these charges is observed using the LANL1DZ, LANL2DZ and augmented 6-31G levels of theory. Upon geometry optimization of the enzyme, these charge sets cause varying degrees of distortion of the porphyrin from its crystallographically observed conformation. Scaling the charges calculated from the augmented 6-31G basis by 75% reduces the heine distortion while preserving reasonable interactions with a polar substrate. A comparison of the calculated charges with other published values is presented.
Introduction
Cytochromes P450 are a class of hemeproteins that catalyze a variety of oxygenation reactions by activating molecular oxygen and inserting it into organic compounds such as hormones and xenobiotics. In an anaerobic environment, these enzymes are also capable of reductively dehalogenating heavily halogenated hydrocarbons [1, 2] , commonly used in organic synthesis and as solvents. The ability of P450s to catabolize these compounds has attracted attention to the possibility of using reconstituted systems, or genetically engineered organisms, to degrade halohydrocarbons that now constitute a major contaminant class at industrial waste sites. Wackett and coworkers [3] observed significant rates for dechlorination of hexachloroethane using a purified P450cam system, but observed no dechlorination of 1,1,1-trichloroethane (TCE). In a recent MD simulation of the wild-type enzyme with T C E bound in the active site [4], we observed that the substrate populated an unreactive conformation for the duration of production dynamics -a result in qualitative agreement with the experimental observation that T C E is not catabolized by P450cam.
An examination of the components of the enzyme-substrate intermolecular energies in the MD simulations indicated that it was electrostatic repulsion between the heme group and T C E which dominated enzyme-substrate interactions and determined the observed substrate orientation. Although the results of this MD simulation are in qualitative agreement with experiment, a comparison of the partial charges used on the heme cofactor with those used by others in simulations of hemeproteins suggests that the charge set we used may have exaggerated the h e m e -T C E repulsion. In many ways the parameterization of atom-centered partial charges is the most difficult and subjective part of any empirical forcefield. Re- cently, however, electrostatic potential-derived (PD) ~harges have gained widespread acceptance for use in molecular mechanics calculations. We applied this approach to reparameterize the charges used in our MD simulations, which implement the consistent-valence forcefield [5] . In this paper, we assess the effect of basis set on the PD charges for a model of the heine cofactor and evaluate the charge sets for the effect on substrate-enzyme interaction energies and on equilibrium heme geometry. A comparison with other published charge sets for the heme cofactor is also presented.
Methods
Ab initio calculations were performed using Gaussian 92 [6] on a model of the heme prosthetic group in cytochrome P450, shown in Figure 1 . All substituents were removed from the heme, leaving an Fe-porphine, and the cysteine axial ligand was truncated to methyl mercaptide. Unique bond lengths and bond angles are indicated on the diagram; they were obtained by assuming four-fold symmetry and averaging the corresponding geometrical parameters from the crystal structure of camphor-bound P450cam [7] . The porphine model used was constrained to planarity, except for Fe (0.45 A below the plane) and its axial ligand. The Fe was modeled as a + 3 ion in a high-spin state (S = 5/2), the experimentally observed state for the binary complex of P450cam and a variety of substrates and substrate
